Purpose: Our goal was to develop two-tier strategy based on in house-designed methylation specific-duplex polymerase chain reactions (MS-PCRs) that could serve as a relatively simple, cost effective, time efficient approach for molecular screening of imprinted regions on chromosomes 15 and 14.
INTRODUCTION
Central hypotonia is one of the most difficult issues in neurology, and ruling out neurogenetic syndrome causes seems to be crucial for establishing the correct molecular diagnosis and clinical prognosis. Several studies have addressed the relative frequency of the various causes of neonatal/infantile hypotonia (1, 2) . Uniparental disomy (UPD) of chromosomes 15 and 14 gives rise to two genetic conditions which are particularly important in relation to this phenomenon. UPD results in imbalance of the expression of imprinted genes and leads to abnormal development (3) . Prader Willi (PWS) [OMIM (Online Mendelian Inheritance in Man) No. 176270] and Angelman syndrome (AS) [OMIM No. 105830 ] are clinically distinct neurological disorders caused by a lack of expression of oppositely imprinted genes in chromosome region 15q11-q13; PWS is caused by loss of expression from genes on the paternally inherited allele (MKRN3, MAGEL2, NDN, PWRN1, C15orf2, SNURF-SNRPN and several snoRNA genes) (4) , and the absence of the maternal copy of the same region causes AS (5) . The population prevalence is estimated at 1:10 000-1:16 000 (6) .
Both syndromes have their own clinical picture which varies at different ages. Prader Willi syndrome is the cause of extreme childhood obesity, which leads to serious morbidity and early mortality (7) . The main features of AS are intellectual disability, lack of speech, seizures, and a characteristic behavioral profile. The behavioral features of AS include a happy demeanor, easily provoked laughter, short attention span, hypermotoric behavior, mouthing of objects, sleep disturbance, and an affinity for water (8) .
In addition, both types of uniparental disomy can be recognised also on chromosome 14: [upd (14) mat] and [upd (14) pat], the latter associated with a more severe phenotype as compared to upd(14)mat (9). Mitter and his colleagues recently reported that upd (14) mat was detected in patients who were suspected of having PWS, and raised the question that upd (14) mat could be present in patients with PWS-like phenotype (3) . The imprinting cluster at chromosome 14q32 involves differentially methylated region at the MEG-3 gene (MEG3-DMR) (10, 11) .
Although greater than 99% of PWS is associated with a detectable methylation abnormality in the imprinted region, this only applies to ~78% of AS (12) , and therefore the inability to assess other mechanisms resulting in AS may be a limitation of the epigenetic approach (13) .
In this strategy, integrating duplex semi-quantitative real-time PCR amplification of bisulfite-modified DNA was performed to detect the maternally and paternally imprinted NDN gene. After exclusion of a PWS/AS diagnosis, suspected patients who presented with a PWSlike phenotype underwent DNA methylation analysis of the MEG3 gene. Interestingly, these two sequential methodology steps allow a rational, simple and robust diagnostic approach to epigenetic-based hypotonia in infancy.
MATERIAL AND METHODS

DNA isolation
This study was approved by the Ethical Review Board of the University Hospital, Hradec Kralove, Czech Republic. All legal guardians of patients provided written informed consent and received genetic counselling. DNA was extracted from peripheral blood using the QIAamp DNA Blood Midi Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions with no modifications. The purity and DNA concentration was determined by NanoDrop® ND-1000 UV-Vis Spectrophotometer.
Bisulfite DNA Modification The genomic DNA (500 ng) was modified by sodium bisulfite treatment using the EZ DNA Methylation-Gold Kit (D5005, ZymoResearch, Irvine, CA, USA) according to the manufacturer's instructions.
Design of MethyLight Probes and Methylation-Specific PCR MethyLight Assays enable discrimination between unmethylated and methylated sites in the same sample. The FAM-labeled TaqMan probe always detects the methylated site, whereas the HEX-labeled TaqMan probe always detects the unmethylated site in our protocol (Fig. 2) . MethyLight probes and primers were designed using the Beacon Designer TM v.8 (Premier Biosoft International). Sequence data for the NDN and MEG3 gene were obtained
from the GeneBank database (accession number NG_009380.1 and NG_016853.1 respectively). The oligonucleotides used in this study are described in Tab. 1. MethyLight fluorescent probes and primers were synthesized by Generi Biotech s.r.o. (Hradec Kralove, Czech Republic) and were used at concentrations of 300 nM and 900 nM, respectively ( Fig. 1 ). 
Methylation-specific PCR (MS-PCR) was done using 2 l of bisulfite-modified DNA as a template. Bisulfite-modified DNA was amplified in a 25μL reaction volume with the primer/probe sets for duplex PCR and Platinum® Taq PCRx DNA polymerase (Invitrogen TM Life Technologies, Karlsrube, Germany). Samples were heated to 95°C for 3 min and then amplified for 45 cycles consisting of 95°C for 25 s, 50°C for 40 s, and 69°C for 20 s, followed by a final extension step at 72°C for 10 min (Rotor Gene 6000, Corbett Research, Australia). Fluorescence was acquired in the green and yellow channel of the instrument in a single reaction. MS-PCRs were validated using commercial DNA controls (Human Methylated & Non-methylated DNA set, cat.n. D5014, ZymoResearch, Irvine, CA, USA) and DNA from patients whose diagnoses were confirmed using widely conducted commercial assay, multiplex ligation-dependent probe amplification (MLPA, ME028, MRC Holland) and fluorescence in situ hybridization (deletional forms). where MI is the methylation index as previously described (14), Ctun is the average cycle threshold (Ct) obtained from duplicate quantitative PCRs using the unmethylated primer pair, and Ctme is the average Ct obtained using the methylated primer pair.
RESULTS
We identified abnormal hypermethylation in the NDN gene in 2 patients from 24 with central hypotonia. In one case a small deletion involving the NDN gene was present and in the other an imprinting defect was detected. Abnormal hypomethylation was found at the same gene in the same ratio (2/24), again one with a small deletion and one with upd(15)pat. Since NDN DMR which was used for the diagnostic methylation test is involved in the shortest region of deletion overlap, this combined analysis is suitable for detecting both copy number aberrations as well as methylation changes. Nevertheless we did not find any [upd (14) mat] or [upd (14) pat].
CASE1 (PWS-deletional form)
The child was presented for genetic examination at the age of three years. There had been decreased fetal movement during pregnancy. Central hypotonia, feeding difficulties and distinctive facial features were reported in early infancy. However in later infancy obesity developed due to excessive eating, there was motor developmental delay (walking not until 20 months) and delayed speech, and short stature was observed (at age 3y her weight was 20kg). The deletional form of PWS was established in this case. Growth hormone therapy was applied from 3y10m, but excessive obesity persisted (at age 5y4m her weight was 30kg).
CASE2 (PWS-imprinting defect)
This newborn was examined for central hypotonia, with decreased newborn reflexes and testis retention. Fetal movements were decreased during pregnancy also. An abnormal methylation pattern was found, but deletion and upd(15)mat were excluded. Further clinical monitoring was modified with growth hormone therapy (started form the age of 5 months) and strict supervision of daily food intake. At 14m his weight was 9,5kg and height 80cm but mild delayed motor development was evident at that time.
CASE3 (AS-deletional form)
A 21m-old boy had suffered perinatal asphyxia due to umbilical cord strangulation, but needed only tactile stimulation to initiate spontaneous respiration after birth. His early postnatal adaptation occurred without complication. Later, severe developmental delay, absence of speech, seizures and tremor of the body, and borderline microcephaly appeared. The deletional form of AS was proven in this child.
CASE4 (AS-UPD)
An 8y-old boy presented with developmental delay (walking not until 25m), borderline microcephaly, epileptic seizures from 7y, serious speech failure (use of only six words), sleep disturbance, hypermotoric behaviour, and frequent laughter. Upd (15) pat for a critical region of chromosome 15 was detected.
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DISCUSSION
Epigenetics, as broadly defined, is the study of heritable changes in gene expression that are not caused by changes in the primary DNA sequence (15) . Epigenetic dysregulation of the imprintome is the cause of specific genetic syndromes, which show alterations in growth, metabolism and neurologic development (16) . In particular, early studies identified epigenetic-based aberrations that are responsible for causation of diseases, such as Prader Willi and Angelman syndrome, both accompanied by infancy hypotonia. Investigation of methylation changes are requested every day by the genetic counsellors. According to the guidelines (4), the recommended strategy for analysis of PWS and AS is methylation patterntracking within 15q11-15q13 using molecular genetic techniques that determine copy number changes (deletional type) and methylation changes in a single tube. The promoter methylation status of the NDN gene is recognized as a valid diagnostic characteristic (17) . There are many commercial assays on the market, but the cost of such kits is a disadvantage. Our goal was to develop our own real-time duplex MS-PCR methodology, which would serve as a robust and cost effective pre-screening process.
As the MethyLight probes are designed to contain CpG sites in both probes as well in the primers (Fig. 1) , they do not inspire much confidence among Czech molecular biologists. Nevertheless we decided to take a chance and designed two MethyLight assays for 2 genes: NDN and MEG3. Thermocyclers with a plurality of detection channels then allow the formation of multiplexing type reaction which can simultaneously detect both the methylated and unmethylated DNA in a single reaction (Fig. 2) . In addition, it is a high-throughput analysis and as an alternative technique for semi-quantitative analysis of target genes, and the avoidance potential contamination, is more robust. Moreover, MS-PCR can be performed without the need for parental DNA testing. During validation of the methodology, there appeared only one risk factor, and this was the background fluorescent signal from the second channel. Hence the presence of positive control DNAs seemed to be a prerequisite for good evaluation of MI tresholds, drawing attention to aberrant methylation.
No methylation aberration was discovered in MEG3 gene. We may speculate that the number of examined patients was too small (24) to find any upd (14) .
Patients were referred to us during infancy due to hypotonia and motor development delay. Clinical features of these patients with deletional forms were compared with those with other forms of the disease. In consensus with the literature (18, 19) no typical facial features were observed in PWS patient with imprinting defect. In both cases of PWS some degree of cognitive impairment was reported. Early diagnosis with hormonal therapy starting at a very young age, and early onset strict supervision of daily intake in CASE2 has led to significant benefit.
All genetic mechanisms in AS lead to severe-to-profound intellectual disability, movement disorder, characteristic behaviors, and severe limitations in speech and language. The deletional form results in the most severe phenotype with microcephaly, seizures, motor difficulties and language impairment, compared to individuals with UPD or imprinting defects. Individuals with UPD have better physical growth (e.g. less likelihood of microcephaly), fewer movement abnormalities, and a lower prevalence of seizures than do those with other underlying molecular mechanisms (20) (21) (22) .
Assessment of the disease etiology is crucial for determining the prognosis of the neurodevelopmental severely hypotonic child, which in the case of Prader Willi syndrome is very favorable. Early diagnosis, established cooperation with the family, a suitable diet, and treatment with reference to the specificities of this syndrome brings substantial benefits for both the patient and his family, and for society. Even death in childhood is not exceptional due to late detection and lack of cooperation from the family on a suitable diet regime and treatment. It seems to be equally important from our experiences to investigate PWS also in the case of severe muscle hypotonia during the neonatal period. PWS is also considered for differential diagnosis in all cases of significant childhood obesity.
An equally important issue in families with PWS/AS is the prognosis and the chance of occurrence of the disease elsewhere in the family. The risk of recurrence can only be established after knowing the exact genetic etiology, and it may vary according to the type from unimportant (UPD, deletion) to a 50% risk (an imprinting defect) (19) .
CONCLUSIONS
The purpose of this paper is to report an MS-PCR-based assay evaluating the CpG islands in NDN and MEG3 genes as routine molecular screening justified for patients suspected of having PWS/AS. We managed to create a two-tier strategy for the differential diagnosis of PWS, where, after exclusion of methylation abnormalities in the chromosome 15 we continued with the exclusion of a PWS-like phenotype linked to chromosome 14.
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